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SONIC-SPEED, LuIQUD im PINGER FOR COLLCTING SAMPLES OF

MI CR03OV3I)TC: TAy, M kT~nhAT~S 7ROM A.SRO SOLS

S'21cia. RI-port iTo. 9ý
Gt_,np Dotrtcnk, MazvIarid

I. INTRODIJgTT Oi

The acquiE14s.i., of a eatp~er or samplers, for use in determinations of
the concontration, in aev'osl.)i, of such widely varied materials as bacteria,
viruses, toxins, and 6-ye tracer2 wan one of the first problems of the Aero-
biology Branch (f:irnerTy Glo,-b21)er Project' 1/. This Project was
aTproved by l(ttor of tranrmitt- .. dted 3 Nvovembcr 1943, Chief of the Chemi-
rall Warfaro S,•r7i1e, Mozt Q-' thu experimenta-l work on campling was done
under Project RuccIfl.ction Nrmnbcr CG.2 during the period 1945-1947.

Among the speclficritions considered for the dosired swmplur wore:

1. The snmpler should be suitztble for efficiently collecting
snplCs of such varied matturials as bacteria, viruses, toxins,
and dyo tracers over r. wide range of concentrr.tions.

2. The sample collected must be suitable for quantitating;
that is, the material muet not be destroyod during or after
collection nnd it must not bo retained by the sampler so that
it is not available for quantitating.

3. The sampler should be such that it could be readily steri-
lizod or decontaminated.

4. The sampler should require only a small portion of the
flow or volume of atmosphere being studied.

5. The sampling rate should be fixed, or rs;&y to regulate.

6. The sampler should be small, availablo,and economical
enough to permit collection of rnny (at least 25) samples
in a single experiment.

7. The sampler should have a record of successful use.

! Rosobury, T., et al, 1947, Experimental Air-borne Infection: Villiams
& Wilkins Co., Baltimore, Md., 222 pp.
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Many amplers had bor propose use in sampling air-borne
bacteria. Among such samplers, arranged according to their main operating
principle, were.: (1) Sodimontattic _a sanplors- open Petri dish and Wel3s
air centrifge ./; (2) siltrtion .ýtnra-, nuor tube or aeroscope
snnd tube YI, cog ýon f iI t er, nd f'-1Lt er p-npor b.,(3) wn~~~sa-PLer~s-
w, ter aorgqcopo be. bead bubbler Vi, atonizer b-aler S and Fbcin-Lomon
bubbler a/: N) m]inMenen sn-•npler- Groonburg..-It4 impingor 9-, Porton
impingor 01 -l1 /, funnel aolice -?. slit sampler 7K2f., and sieve device

./ Wells, W.F,, 1933, Apparatus for the Study o0± the Bacterial Behavior of
Airl Am. J. Pub. Health, ?.3s PP- 59-59.

Frankland, P.F., 1886, A New Method for the Quantitative Estimation of
the Microorgeuiisms Present in the Atmosphere: Roy. Sec. London, Phil.
Trans., Ser. B., -7g, pp. 113-152.

America.n Public Health Association, 1917, rinal Report of Committee on
Standard Methods for the Exanination of-Air: Am. J. Pub. Hee.lthj, P. 54.

"IJ McConnell, W.J., and Thonas, B.G.H., 1925, Relative Values of Methods of
Enunerating Bacteria in Air: Pub. Health Repts., 40, pp. 2167-2178.

hi Rettger, L.F., 1910, Rcttger M4ethod of Determining Bacteria in the Air,
Using Salt Solution: J. Med. Research, 22, pp. 461-46g.

i Whoeelor, S.!., Icley, G.,., ,nd Jones, T.D., 1941, A Babbler Pump Method
for Quantitative Istiatiorne of Bacteria in the Air: Science, -, p. P4)45.

Moulton, S., Puck, T.T., and Lemon, H.M., 1943, An Apparatus for Dotorni-
nation of the Bacterial Content of Air: Science, 97, p. 51.

-/ Lemon, H.M., 19143, A Method for Collection of Bacteria from Air and
Textileo: Proc. Soc. Exptl. Biol. and Mod., 24, pp. 298-301.

_L9/ Henderson, D.W., and Woods, D.D., 1942, A Laboratory Apparatus for Setting
Up Bacterial Clouds with a Report on Experiments with B. Anthracis:
Camp Detridc.Tech. Ltt My No. 3785.-

L-J Sampling Devices: Impingers, from Dr. Fildos' "Bible", 1943, Camp Detrick
Tech. Librr*ir Nb. 379"4.

Hollaendor, A., and DnllaVallo, J.M., 1939, A Simple Device for Sampling
Air-borne Bacteria: Pub. Health Rep'tc. ..

il Bourdillon, R.B., Lidwell, O.M., and Thomas, J.C., 1941, A Slit Sampler for
Collecting and Counting Air-borne Bacteria: J. Hyg., 14l, pp. 197-22)4.

Sdu Buy, H.G., and Crisp, L.R., 1944, A Sieve Device for Sampling Air-borne
Microorganisms: Pub. Health Ropt. ,pp .
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and (5) electrostatic samp1lers- Berry funnel precipitator 1/, Barnes-Prnnoy
dust count L.O nnd weight _!/ samplers, and G.E. electrostatic sanpler iW.

Moot of these samplers failed to meet one or more of the preceding
cpocifications for more or less obvious reasons. The open Petri dish sampl-
ur collec t ed smnples of the riaterial thrat nettled out of the air rather than
of' the material in the air. The Wells air centrifuge and the electrostatic
samplers wore too bulky for use in the available space; too complicated and
sensitive for ready sterilization, especially by steam; and too expensive
and of questionable availability in the number needed. The sugar in the
eugar tube could not be autoclaved readily. The sand tube, cotton filter,
filter paper, and other dry filters did not seem suitable because of the
possible harmful effect of air passing over collected bacteria and. difficul-
ty in removing collected material from the sepnpler. The atomizer bubbler
was rather fragile. The funnel device, slit sampler, and sieve device wqre
designed for collection of bacteria on an agar or solid media surface l•,
thus they were suitable only for the collection of bacteria forming countable
colonies.

The Porton impingor, a sonic.speed, liquid impinger, which had been
developed by British investigators for sampling microbiological materials
in aerosols, scot:id to comply best with the preceding specifications. Thin
inpinger waQ a slight modification of impingors that had boon in general use
in the United States since 1922 by industrial hygienists for collecting
sampleos of unhygienic dusts from rorosols 20/. The suitability of this
sampler vas Investigated. The main changes made in the device were:

i2 Berry, C.i4., 1941, An Electrostatic Method for Collecting Bacteria from

Air: Pub. Health Repts.,56, pp. 2044-20 5 1.

L_/ Barnes, B.C., nnd Penney, G.W., 1936, An Electrostatic Dust Count
Sampler: J. Ind. Hyg. Toxicol., 18, pp. 167-172.

l7/ Barnes, B.C., and Penney, G.W., 1939, An Electrostatic Dust Weight
Sampler; J. Ind. Hyg. Toxicol., 20, pp. 259-265.

Luckiosh, 1A., ct al , 1946, Sampling Air for Bacterial Content; New
Mechanical Designs and Applications of Electrostatic Fields: Gen.
Bloc. Rev., 32, pp. 9-17.

1 Schnciter, R., Dunn, J.E., and Cnninita, 13.H., 1945, Studies in
Connection with the Selection of a Satisfactory Culture Medium
for Bprcterial Air Snmpling: Pub. Health Repts.,6O, pp. 789-806.

B rown, C.E., and Schrenk, H.H., 1938, A Technique for Use of the
Impinger Method: U.S. Bureau of Mines, Infornation Circular
7026, 20 pp.
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(i) Substitution of readily-available 125 ml. filtering flasks for the
straight-wall tube or bottle-typo contniners snd (2) regulation and measure-
ment of the strpling flow rate by drawing the maximum flow through the
orifice instead of by mnaintining a constant auction on the impinger.

This report contpins irfornm.tion on the design of the final device
rdoytte.. and quantitative data on such operating Pht:racterý'tics az: (I)
Rot, nt',on of collentod m-atorial in tha intonko tu½b,, (2) cffect of imping-
incl djtstancc on sva.Iplng cfficienc..,, (7) effect of snampling flows on sarpl-
ing efficiency, and (14) .tpmplinf, efficiency.

Sampling efficiency, as used in this report, is the ratio, expressed
in per cent, of the material doterrminod to the materinal actually present in
the aerosol sanpled. Thus,

in which L = sampling efficiency, C' = concentration of material found,
and C a concentration of material actually present in the air. This differs
from collecting efficiency in that all material colloctod is not necessari-
ly determined. The sampling efficiency of many inanimate materials may be
close to that of the collecting efficiency, but the sampling efficiency of
nnimato materials such as bacteria may be much lower than that of the collect-
ing efficiency because of loss of bacteria during or after sampling.

Some of the information in this report has been published in a mono-
grp•h on experimental air-borne infection 211.

The information has boon obtained at irregular intcrv~ s since the
",-rt of the ý.erobiologicnl progran about December 19L'3,

II. DESCRIPTION OF IMPINGM

The final model of the impinger in shown in Figure 1. The container
is a 125-ml. filtering flnsk, selected because of availability, ruggedness,
stability in resting on a surface, P.nd possession of q side arm. The intake
tube is a tube 1 cm. in dimnotor having n piece of capillary tubing 1 cm.
long scaled to its lower end. Such tubes can be made easily in the laboratory
or can be obtained from such companies as Fischer & Porter at Hatboro, Pa.
The upper end of the intake tube is bent at an anglo of 450 to prevent ma-
terial from dropping into the tube. The diameter of the capillary tubing
used is one through which the maximum or limiting flow is equal or close to
the desired sampling flow. Approximate orifice dirmoterz for maximum or
sampling flows from 1.3 to 12 liters per minute are given in Figure 2.
Sampling flows of about 2.5 liters per minute have been the ones most used.

'-I Rosebury, T., et al , See footnote 1.
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Maximum or limiting tained when the pressure downstream fr m the

orifice is 0.53 (approximately half) or less of the upstream pressure A/.

The velocity of the air through the orifice under these conditions is the

maximum, that is, equal to the speed of sound; hence the name sonic-opeed

for the impinger., This limiting-flow phenomenon eliminates the necessity

for a flowmeter, thus simplifying the sampler, The intake tube is placed

in a rubber stopper that holds the end of the capillary tube or orifice

about 5 mm. above the floor of the flask. The tip of the orifice dips into

25 ml. of an appropriate collecting liquid. Distilled water is commonly

used in the collection of stable material as phenol red. (used as a dye

tracer) and the diluting liquid (used in making serial dilutions for plate

counts) in the colloction of biological materials. A few (about four)

drops of olive oil may be used to control foaming of the impinger liquid.

The mechanism of collection of particulate matter by the impinger is

not understood fully. The high-velocity air stream from the orifice apparent-
ly: (1) Blows the body of the liquid away from the floor of the flask di-

rectly under the orifice, (2) atomizes some of the nearby liquid,(3) causes

the particles and liquid droplets, from atomization, to impinge against the
floor of the flask or against licuid, and (4) may causo the particles to be-
come charged. Efficiency of collection has been found to be about the same

for such varied conditions as: (1) Location of the orifice 20 mm. abovp

the top of the quiet liquid level, (2) location of the orifice so that the

air stream is directed parallel to the floor of the flask, and (3) location

of the orifice in its usual position, 5 mm. above the floor of the flask.

Efficient collection when the orifice is located 20 mm. above the level of

the quiet liquid seems to Indicate that washing or bubbling through the

liquid is not an important part of the colleotion process. The efficiency

in sampling viable organisms decreased when the orifice was located 1 mm.

from the floor of the flask, possibly because the air leaving the orifice

kept water away from the small spoo under the orifice and some organisms

collected in this space wore destroyed by the passage of relatively dry

air over them.

III. STUDY OF IMPINGER

The studios made on the inpingor wore: (I) Datermination of the por-

tion of the collected matorial retahf6d in the intnke tube of the impinger,

(2) study of the effect of the I-pinging distance or distince between the

bottom of the orifice and the floor of the flask on the sampling efficiency,

(3) effect of sampling flow rates on the snmpling efficiency, and (14) sampl-

ing efficiency.

' Perry, J.H., 19141, Cheiical Engineers' Handbook; McGraw-Hill Book Co.,

Inc., Now York, 2d Ed., 3029 pp. See p. 947.
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Aerosols contahnin' p heol-red particles, Bacillus Alobigii spores, or
Serratia marcescens alone or in combinations were used in these studies.
These aerosols were prepared by continuous, constant dissemination of liquid
preparations of these materia s into the air flowing through a modified
Royneirs Germ-Free chamber j2".

The liquid wr, sprayed at rates near 0.9 ml. per minute by a peripheral-
air Jet atomizer M/ into 100 liters of air per minute entering the 34O-
liter chamber. Thus the material from 0.9 ml. of liquid was dispersed in
100 liters of air4 The concentration of sprayed material or agent in the
resulting aerosol was calculated from the formula:

SLxM -- ------- ------- ------- --- (2)

in which S = calculated (not actual) concentration of sprayed material in the
air in units per liter of air, L w rate of spraying liquid into the air in
ml. per minute, M = concentration of agent in liquid sprayed in units per mlo,
and V = air flow, liters per minute, into which liquid is sprayed. This value
S, is hereafter referred to as the calculated concentration.

The calculated concentration is used in calculating recovery, which is
defined for this report as the ratio, expressed in per cent, of the determined
to the calculated concentration. The formula used for calculation of recov-
ery is: R=lO 0O /IS -- - - - - - -- - - - - - (3)

in which R w recovery in per cent, C' = determined concentration, as in
equation (I), and S = calculated concentration, as in cquntion (2).

The size of the particles, but not of the spores or the bacteria, was
varied by changing the concentration of one of the constituents (usually
dextrin) of the liquid disseminated. The size varied approximately with the
concentration of material in the liquid.

Particle size was determined by a cascado-impactor 251 &6/ procedure,
Samples of the aerosols were drawn through cascade impactors containing four
nozzles of decreasing size, a dry impingor, and a glass-wool filter. Fractions
of the particulate matter of decreasing size wore removed on adhosive-coated
slides behind the nozzles, in the adhesive-coated dry impinger, and in the
glass-wool filter. The masses of material in each12 Reyneirs, J.A., 1943, Micrargical and Germ-Free Techniques; Their

Application to Experimental Biology and Modicine: C.C. Thomas,
Baltimore, Md. 274 pp.

2_/ Rosebury, T., et al, See footnoto 1.

25J Green, H.L., and Stevenson, J.W., 1944, Instructions for the tse of
t1a Cascade Impactor: Porton Rept. No. 1600, Camp Detrick Tech. Library

* 40.0 3782.
May, K.R., 1945, The Cascade Impactor, An Instrument for Sampling

Conroe Aerosols: J. Sci. Instruments (London), 22, pp. 187-195.



size fraction-were then determined by a suitable procedure. The cumulative
per cents of the total of all material collected in the different fractions
were plotted on logarithmic-probability paper against the previously de-
termined average size of material collected by the particular jet or impinger.
The mass modian diameter, or MMD, is the 50-per cent value on such curves.
This value is the diameter of the particle at the mid. point of the mass dis-
tribution; half the mass is in particles having larger diameters and the other
half in parfticlos with smaller diameters. The IODi give no information on
the distribution or variation in size, but where the distributions are simi-
lar, as they apparently are in the particles fron the atomizers used, they
are important values for comparison. Distributioa is shown by the shapes
and slopes of the logarithmic-probability curves. Phenol rod in the samples
va aetermrtno by colorimetric procedures and microorganisms by standard
bacteriological counting techniques.

A. Retention of Collected Material in the Intake Tube. Retention of collect-
ed material in the intake tube of the impingor during the quantitating pro-
cedure was investigated as a possible cause of significantly low results.
Impinger samples of S. marcescens and of B. globigii spores were used in
these studies. The intake tubes of the irpingers used for collecting these
snmples were washed carefully with 10 ml. portions of gelatin diluent. The
numbers of orgnaisms recovered in these portions wore compared with the
numbers recovered in 25 ml. of the same nodium in the impinger. Table 1
contains information on the results of this study.

These results indicate that the portion of collected organisms re-
tained in the intake tube of the impinger during the quantitating procedure
is too small to have any significant effect on the results.

Recent tests with phenol red have indicated that only about 0.1 per
cent of this material is retained in the intoke tube. Thub these results
are in goneral agroement with the preceding ones on organisms.

B. Effect of IMzinging Distaunce on Sampling Efficiency. The effect of
impinging distance, or of the distance between the tip of the orifice and
the floor of the Impinger flasks on sampling efficiency, was studied.
Samples of phenol red and of S. narcescens wore collected from the air
by impingors having the usual 5 mn. impinging distance and other impinging
distances. The usual 25 ml. of liquid were used in all inpingers. The
depth of this amount of liquid in the 125 ml. impinger flask is 7 mM.

Table 2 contains information on this study.

These results suggest that increasing the impinging distance to at
least 29 mm. in collecting phenol red and to 45 mm. in collecting S. rrtr-
escenz has no significant effect on the sampling efficiency or final re-
sults.

Reduction of the inpinging distance to 1 mm. or loss in collecting
S. marcescens apparently caused a reduction in the sampling efficiency, as
discussed in the section on description of the impinger.

-9--



TABLE I

Retention of Collected Material in the
Intake Tubes of Impingers

Calculated total number
of organisms recovered Organisms recovered
from from intake tube,
25 ml. gela- 10 ml. gela- per cent of total

Material tin diluent tin diluent organisms

sprayed Impinger in impi nger washings
"=d p number from intake

tube
(1) (2) (3) (4) (5)

S marcescens
in distilled 6
water 50 4.7 x 10 16 1 x 103 0,023

60 4.4 x 10 1.6 x 10 2  .o04
65 4.9 x 106 3.0 x 102  .0006
67 5.4 x 106  3.3 x 102 .006

S. marcescens 7 x 3
in 3r, gelat~ 52 2.8 x 10 5.9 x1 3 0*021

58 3.5 x 107 6.9 x 103 .020
66 3.5 x 107 1 .0 x 1O4 .030
69 3.7 x 107 1 .4 x iO4  .014

B. globigii
spores in
distilled 6
water 13 2.5 x 10 1.7 x 103 0.069

59 3.5 x 10 6 '2.8 x•10 3  .080
67 2.8 x 10o x 2.106 1.101068 2.8 x106  i:6 x 10 I .057
71 2.7 x 106 2*.7 x 20 2 .010
78 2.3 x 10 i 9.5 x 10 2 .040

-10-
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TABLE 2

Effect of Impinging Distance on Samplilng Efficiency

;Recoveryj,

I Impinging Concentration, or determined/
lCalculated distance or number of or- calculated
concentra- Idistance fromr ganisms or concentration,

Material 1 tion,.•enma iorifice to 1 gemma of per cont.
sprayred and I'PotiWr ,floor of material per (100 x Col.

: of air flask, mm. liter of air 4/col. 2)
i(2);, ( ,¢") € (,5)

red and S.
marco scons
In distillod. 5 6.99 78.8
water j0.97 10 7.09 79.8

_ _ I
0-5%1hefoll

rod d S 5 5.4 60.4
marcoscons 18 5.27 58.-2
in % dox- 3 5.36 59.2
trin 0,.90. 2 , .16 57.0

o.1% -phenol 5 ~ 4-76 52.5
r o._ and S. 10 41.79 52.8
mnrcosccns in. 13 4 .87 53"7
II dextrin 0.q06 1.75 52.

S. marcosceols -- 5 3.7 x 0o6 -

in distilled 1 x 106
water c 3.8x106

Ava, 3-9 X 106

,, -45 3: x 106. -

3 x 106
"3.8 x 106_

AwV.= 3.5 x 10 6

1-- 2 2.7 x0 --

2.7 x 10 6II,
"3.6 x 106

iAv. 3.0 x 1 0 6

S. marcescons -- 5 1. x 6
in distilled 1.:+ x 10 6  

-

water Avo.- 1.5x 106

Les than 1 x Ii6

t 14.0 x 106
Avo;. *.1 z 106

' "' ' •.•.•K.L : -''-.' " '..



The preceding results are in general agreement with those showing that
variation of the impinging distance in the Greenburg-Smith impinger over the
range of 2 to 12 mn. had no signifigyt effect on the sampling efficiency of
this impinger for dusts and fumes*

C. IffecRt of Samling Rates on Sampling Effiieincy. The sampling efficiency
of the Greenburg-Smith impingor for ,usts and fumes increases with sampling
rates up to the maximum flow rate We The eeampling efficiency of the pre-
sent impinger was studied to determine whether its efficiency varies in a
similar way. Information on this variation was obtained from simples of
phenol red, B. globigii, and S s mar cense particulates collected by impingers
at different sampling rates up to a maximum flow rate of 10 liters per minute.
Such impingers were used instead of the usual ones having maximum flow rates
of about 2.5 liters per minute because the i0-liter-per-minute ones were
about the smallest ones for which flowE as low as 10 per cent of the maximum
would be practical from the standp6ij.ýt of orifice diameter and size of
sample. The sampling rate or per cent of maximum flow for maximum sampling
efficiency, at least for the 10-liter-per-minute impingers, was determined
in this study. In addition, the efficiencies of impingors having maximum
flows ranging from 1.3 to 16.5 liters per minute were measured at maximum
flow, using phenol rod, B. glabigii, and S, marcescens.

Table 3 contains information on this study of the effect of campling
rates up to the maximum flow rate on the sampling efficiency of impingors
having maximum flows of 10 liters per minute.

Two types of aerosols were used in this study. Both types were pre-
pared by spraying a liquid suspension, at the rate of 0.9 ml. per minute.
into 100 liters per minute of air entering the 340-litor Reyniors-ohahbor
apparatus. The suspensions used for one type consisted of distilled water
containing 0.1 per cent phenol rod and heat-shocked B. globigii spores, The
suspensions used for the other type of aerosols consisted of Z per cent
gelatin containing S. mfrcescnse.

Sets of two simultaneous samples wore collected for 10 minutes from
each aerosol by impingors operating at .10, 30, 50, 70, end 100 per cent
of the l0-liter.per-ninuto maximum flow. Sampling rates below the maximum
were obtained by drawing the maximum flow through secondary orifices located

-W Hatch, T., Warren, H., and Drinker, P., 1932, A Modified Yorm of the
Greenburg-Smith Impinger for Field Use, with a Study of its Operating
Characteristice: J. Ind. Hyg., -1-4. pp. 301-311.

_ Drinker, P., and Hatch, T., 1946, Industrial Duet: McGraw-Hill Book
Company, Now York, 316 pp. See pp. 112-11i.
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-M,

downstream from the samplers. Each impinger, used for collecting samples of
phenol red and spores of S. globigii from the same aerosol, was followed by
a glass-wool filter to collect material passing through the impinger. The
phenol red and spores of 1. globi..ii were determined in each sample. Imping-
gers, used for collecting samples of S. marcescons, wore not followed by filter
semplers because of the low sampling (not collecting) efficiency of such filters
for vegetative organisms.

Evaporation of impinger liquid by passage of air through it for 10 min-
utes has been found to be about 0O05 of the 25) m.l at 1 liter per minute
and 1.5 ml. at the rnaximum flow of 10 liters par minute. Results were not
correcteod for this evaporation loss. Resulting errors probably were small
compared to other onos.

The recoveries of the different agents by the impingor at the different

sampling rates are listed in Table 3 in columns 4, 8, end 12. Figuro 3 con-
tains curves showing the relation between the sampling rates and the averages
of these recoveries. The recoveries for both the phenol rod and ?. Aobiji!
spores increased with sampling rates up tb the maximum flow rate as doeo g e
sampling efficiency of the Groenburg-Snith impingor for dust and fumes V.

The recovurius of S. nasccocene Increased with sampling rates up to at
least 7O per cent of maximua flow and then for some reason, possibly related
to destruction of these fragile organisms by impact or passage of large
quantities of air over them, the recoveries decreased with further increase
in sampling rate.

Impinger efficiencies or ratios, expressed in per cent, of the preceding
recoveries to the corresponding recoveries at maximum flow are listed in

columns 13-15. Figure 4 shows how those efficiencies varied with the sampling
ratoo

The sums of the impingor nnd filter recoveries nro listed in columns 6
and 10. The averages of these values increased with sampling rates. The in-
crease for phenol red was slow with rates up to at least 70 per cent of maxi-
mum but was rtpid for higher rates. The increase for the spores of B. globigii
was somewhat erratic but apparently greater than for the phenol red. The
reasons for these increases ere not known but mnr have boon related to increase
in the evaporation of impinger liquid with sampling rate.

Inpinger efficiencies, or ratios of impinger recovery (columns 4 and 8)
to the sum of the recoveries determined by both the inpingor and filter
(columns 6 and 10), are listed in columns 7 aad 11. Figure 5 contains curves
showing the relation between the samppling rates and these efficiencies. Those
curves show the same general trends as those in Figure 3 for impinger recover-
ies.

- hDrikor, P., and Hatch, T., See footnote 28.
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The preceding results indicate that the sampling efficiency of impringers
with a maximum flow of 10 liters per minute for phenol red and spores of
B. globigii increases with sampling rate up to the maximum flow rate and that
the efficiency for S. _Ecsrjiq,•enalso increases with the sampling rate up to at
least 70 per cent of the m,.r1iuz flow. The decrease in sampling efficiency
for L marcecens at higher sampling rates probably is not important enough. to
Justify sampling at 70 per cent of maximum flow and using a flow meter rather
than sampling at the maximum flow where the use of a flow meter is unnecessary.

A study was made to determine over what range of maximum flow rates a
high sampling c fftcinecy !, ohti'.nred. Impingers w:1/h orifices :for maximum
flows in the f4 ftli.wii•g rangou. (a) 1.3 to 1-9, (b) 2.2 to 2,6, (c) 4.9
to 5.4, (U) l0, I tV .4.o6, and (a) 16.4 to 16.5 litets per- minute were used
in this study to eol3ect samples of phenol red, B._j- obi and S, marcescens.
Each agent was sprayed separately. Two sets of samples of phenol red and one
of B. globigii and of S. mlrcelcens were collected. Pairs of simultaneous
samples, with one exception, were collected of each material at each sampling
range for 10 minutes. One sample instead of a pair was collected in the ex-
ception.

Table 24 and Figure 6 contain information on the results of this study.
The constancy of the values fou S. marcoscono in this study over the whole
sampling range, and the fair constancy of the values for phenol red and
B. 3 lobigii, at least up to sampling rates of 10 liters par minute indicate
that high sampling efficiencies are obtained at maximum flow rates at least
up to 10 liters per minute and probably up to 16 liters per minute.

D. Sampling Efficiency. Some information on swpling efficiency has been
given in the preceding studise described in this report. More information,
obtained by material-balance and series-sampling procedures, is given in
this section. In the mntorinl-bnlance procedure, the amount of materiFal
determined in the air by the impinger was compared with the difference
between the total amount of material eprayed. into the air and the amou-nt
deposited on chamber surfaces. In the series-sampling procedure, the amount
of material found in the air by the impinger, followed in series by another
efficient svmplnr, was compared with the total amount of material determined
by both scimplers.

1. Matorial-bapne Studiqen Table 5 contains information on these
studies. Phenol red., the material sampled, was sprrqed from distilled water
containing 0.1 per cant phenol red and from 0 to 10 per cent dextrin
(column 2), used to vary the size of the resulting particles (column 4).
Figure 7 shows the variati6n of the size with the dextrin concentration in
the different experiments. The amount of material deposited on chazjer
surfaces during the impingar sampling period was determined, in two experi-
ments, from all the dcpositod materialwashed. from the chamber surfaces into
2 liters of distilled water (column 5) and, in the other three experiments,
from material deposited on horizontal or horizontal and vertical microscope
slides (columns 6 and 7)v The per cent of material deposite4 on the sur-
faces varied with the size of the particles. Yigure 8 contains information
on this vrtriation. The calculated per cent of material in the air during



TAME 4

Sampling Efficiencies at Various Maximum Flow Rates

Calculated
concentrtti on,
gamma of ma- I Rocovert-',p
torial or no. M4aximium per cent

Material of orgpnisms flow rate, Individu- Aver-
sprayed and per liter liters Impinger al value * age
Sof air perminute numbor

(2) (L) (5) ' (6)

Phenol red 1.90 72.6
in distilled. 1.86 B5 s4.6 79.6
wateori. 2.56 96 73.5

2.57 98 73.5 173.5

4.91 C04 72.6
5.39 C5 73.5 73.1

10.59 '&4 73.5
10.37 A5 72.6 73.1

16:,4o L14 65.0
16.4Lii L 67.5 66.3

Phenol rn d 1.90 814 gl.2
in distilled 1.86 35 82.2 81.7
water 9.8 I

2.56 96 92.2
2.57 1 98 89.3 85.8

Lf

4.91 8 93.2-
C538 C5 85.3 94.-3

10.59 A4 f 82.2
110.37 A5 80.2 81.2

,16.40 L4 . 73.1
16.4s L11 73.1 73.1
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TABLE 4 (Conit.)

Sampling Sfficiencios at Various Maximum Flow Rates

Calculated

)concentration,
Tgamma of ma-
Iterial or no. Maximum R.oovor",t

Matorinl !of organisms flow rate, P •er cent
sprayed and !pcr liter liters Impinger Individu- I Aver-
smlol iof air per minute number al valuee. 1o0

(2) ( .. (4) (.) (6)
B. globif-di ,1.39 10 9 3.5
in •istilled 1.33 G 89,3 s6.4
water 5.15 x 105 2 2.262 71.8

S8)4 87.) 4 79.6I I@
5.09 c6 77.7 :77.7

10.37 A5 77.7
jlo.O6 A 75.7 7617

16.4o L4 66.0
616.4s LI 64.1 65.0

S. marcosc~ona, 1.90 13 7.
in 2• gelatin 2.0 x 107 ' I.8 B5 I 13.1 115.

2-262 15

)4.91 C 4
5.39 C5 17.1 15.6

10.5g 13.6
10.37 A5 15.1 14.4

16.140 L4 1.5.1
16.48 I L1 16.6 15.9

-20-
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the impinger sampling period was determined by subtracting the per cent of
deposited material from 100 (column 8). The concentration of phenol red
in the air determined by the impinger (column 9) was compared with the cal-
culatod concentration to dotermine the sampling efficiency of the impinger.
A material balance between the amount of phenol red sprayed and the amounts
deposited on surfaces and present in the air was obtained in this procedure.
The sampling efficiencies ranged from 91.2 to 120.8 per cent and had an
average of 10*.9 per cent. Thus, this absolute method indicates that the
impinger has a very high sampling efficiency for such particles. The
efficiencies apparently did not vary significantly with the size of the
particles (MMD's from 0.65 to 2, 67x) sampled.

2. is-ml!g Stue. Table 6 contains information on these
studiesi Phenol red, B, globicii, and S, marcesceen were the materials
used. he phenol red end .� were sprayed from the same liquids;

distilled water and 5 per cent dextrin (column 5). The particles from the
5 .per cent dextrin suspension probably were mUch largetr than thbse from
the distilled water as shown by ligure 7. Si, marcscens was sprayed from
5.per cent dextrin. Impingers with maximum flow 'atek of 2651 51 or 10
liters per minute, followed in series by glass-wool-filter saikieraB were the
sampling combinations used in most tests (columns 2 and 3). Glass-wool-
filter samplers followed in series by 2.5-liter-per-minuto impingers and
Moolton-Puck-Lemon atomizing-bubbler samplers, followed, in series by 5
liter-per-minute impingers, were combinations used in a few tbsts.

The concentrations of sprayed material determined by the first samplers
in the series are listed in column 6. The values in each set (experiments
ll-17,9, and 9) are, with few exceptions, reasonably constant. Some of the
variation probably resulted from changes in the conditions of the aerosol.
The value for tho Moulton sampler in consecutive experiment 11 (column 6)
is lower than the other values in this set, possibly because of a low sampl-
ing efficiency of this sampler for the small particles. The corresponding
value for the Moulton impler. in simpling the larger particles from the 5
per cent duxtrin suspension (consecutive experiment 16), is in fair agreement
with the vnlues from the other samplors. The value for the glass-wool-filter
sampler in sampling 3. grlbigii from a distilled-water suspension (consecutive
experiment 26, column 6) is a littlo lower than the other values in the sot,
possibly net because of low collecting efficiency but because of retention
of the collected organisms by the filter in the washing process. The value
for the glass-wool-filter sampler in tampling S. marcoscens from a 5-per cent
dextrin suspension (consecutive experiment 36, column 6) is much lower than
the other values in the sot, possibly for the same reason, that is, retention
(or destruction) of the collected orgnnisos by the glass-wool-filter.

All but one of the sampling efficiencies of the first sampler in each
series (column 9) were well over 90 per cent. The low value, 93 per cent,
is the one for the sampling efficiency of the Moulton sampler for phenol red
in small particles (consecutive experiment 11, column 8).

Those high sampling efficiencies are in agreement with those obtained in
the preceding material-balance studies and with those obtained in studies on
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the sampling efficiencies of various impingerc for dust and fumes ./ •/ 3/.

/2_ Drinker, P., and Hatch, T., See footnote 28.

Littlefiold, J.B., roicht,"F.*L.,' and Schrenk, H.H., 1938, Efficiency of
Impingers for Collecting Lead Dusts and Fumes: U.S. Buroau of Mince
Ropt. of Investigations 30O1, 9 pp.

.3-. Lcdingham, J.M., 1943, The Ifficiencies of Impingors and Fibre-Glass
riltors in the Sampling of Particulate Cloudst B.eD.P. Rept. 31,
(Porton). Camp Detrick T6ch. Library 11o.- 3783,*..
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IV. SMU)4RY

A sonic-speed, liquid •mpinger usedb-in collect-
ing samples of particulate matter (containing such materials as bacteria, dye
tracers, toxins, and viruses) from aerosols is described.'

This sampler consists of a 125-ml. filtering flask d'ntaining an intake
tube held in place by a rubber stopper with the lows; ond, of the tube 5 mm.
from the floor of the flask. The intake tube Isa4iube 1 cm. in diameter
having a piece of capillary tubing sealed toqtsi lower end. The diameter of
the capillary tube or orifice is such thMt-the maximum flow, or the flow at
which the velocity of air through the.-drifice is the same as that of sound,
is the desired sampling rate. Twenty-five ml. of a liquid suitable for hold-
ing the particulate matter to be sampled is used in the Impinger.

The portion of the collected material retained in the intake tube during
the usual quantitating procedure was found to be too small to justify a
special remoyal procedure.

Variation of the impinging distance over wide limits (from 2 to 45 mme)
was found to have no significant offoeN on the sampling efficiency.

Sampling officiency, at least for phenol rod and spores of B. Rlobigli,
was found to increase with flow up to the meximum. High sampling efficiencies
wore found at maximum flows ranging from 1 to 16 liters per minute.

Snrxling officioncy was found to be high (well over 90 per cent) by
material-balonco and sorios-srnpling procedures.
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